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I ABSTRACT

Bottom reflectio~n loss measurements were mode along three tracks In a I degree
quadrangle, designated Area C, extending from 33V00' to 34*00'N and 71 )00' to
72000'W. The area lies along the northwestern edge of the Hatteras Abyssal Plain.
Explosive sound sources were used and, based on peak pressure, bottom reflectlon
loss values were computed. Bottom loss at 1 and 3.5 kc for grazing angles between 20
and 60 degrees are reprted. The retults indicate that the bottom Is frequency selec-
tive, which is suggested by the frequency crossings or Inverse relationship between
bottom loss and frequency exhibited by the data along one track. A uniform depen-
dence of bottom toss on grawzing angle Is not observed q'.
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BOTTOM REFLECTION LOSS IN AN AREA IN THE HATTERAS ABYSSAL AREA

INTRODUCTION

During August 1964, bottom reflection loss data were obtained in the central
section of the 1 degree quadrangle, designated Area C, extending from 33o00'
to 34 000'N and 71°00' to 72*00'W. The data were collected along three lines at
first bottom bounce grazing angles of about 20, 30, and 42 degrees. Mark 50
explosive sound sources were used with the USS WILLIS A LEE acting as the source
ship. The LSS BRATTLEBORO was used as the receiving ship. Frequency analyses
were made at 1 and 3.5 kc and bottom reflection loss values for both first and second
bottom reflection angles were determined.

FIELD PROCEDURES

The reflection loss measurements were made along three lines as shown In
Figure 1. All measurements were made with the receiving ship iying to at positions
A, B, and C as the source ship proceeded along the indicated traocks. At ranges
from the receiving shlp corresponding to first bottom reflection an@gles of about 20,
30, and 42 degrees, fkur or five Mark 50 sound signals were dropped to a detonation
depth of 50 feet. Geographic position was determined by Loran-C wlhile the distance
between the ships was monitored by radar.

The bottom reflected signals were received by an LC-32 hydrophone at a depth
of 50 feet. Signals from the hydrophone were passed through three amplifiers and
recorded broad-band on three tracks of a multi-channel magnetic tape recorder.
The magnetic tape recordilngs were made at 7 1/2 inches per second.

DATA REDUCTION AND ANALYSIS

The tape recordings were played back at either 71/2 or 1 7/8 inches per
second through Allison bond pass filters centered at equivalent frequencies of I
and 3.5 kc In third octave bandwidths. The bottom reflected signals were displayed
on a Sanborn logarithmic strip chart recorder.

Bottom reflection loss was determined by first computing the difference between
the peak pressure level of the first and second bottom reflection arrivals read on
the Sandborn paper tape. That is, the relative amplitude of the bottom-surface-
bottom arrival (BSB) was subtracted from the relative amplitude of the first botto.,
arrival (B). By assuming spherical spreading, straight line ray geometry, and
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perfect reflection at the sea surface this difference was then corrected for the
difference In path length of the two arrivals. Bottom reflection loss Is then
given by:

B. L. -- LB(Ol- B(O 2 )- [NBsB-Na (N)

where: B.L. bottom reflection loss,
peak level of bottom arrival,

LBsB(e2) peak level of bottom-3urface-bottom arrival,

N propagation loss - 20 log R + CC R,
R slant range in yards,
" = 0.0093fy db kyd, and

f fi-equency in kilocycles.

The advantage of this i %ethod is that It is independent of source level and
system calibration. The main shortcoming of this method is that the grazing angle
is not constant for the two arrivals used. Therefore, the computed bottom loss is
treated as an apparent bottom loss for the !,verage angle of the two arrivals. The
apparent loss determined by using equation 1 is actually the loss at the second
grazing angle plus the difference between the loss of the two grazing angles. The
apparent loss can be expressed as:

B .L.B( 2)+ [B (02) - B (01 )J (2)

where: B.L. apparent bottom loss,
B (e2) loss at second angle corresponding to BSB arrival, and

B (01) loss at first angle corresponding to B arrival.

It can be seen that the apparent bottom loss values determined by the above
method will equal true bottom loss in those areas where bottom loss does not vary
with grazing angle. The average bottom loss of 25 locations In Area C, obtained
by Alpine Geophysical Associates (1964) for the U. S. Naval Oceanographic
Office, Indicates that there is no appreciable dependence of bottom loss on grazing

angle (Figure 2); however, substantial variations do exist at each location and from
location to location. In an attempt to minimize or average the errors present in
the computed apparent loss, a second method, based on the results of equation 'I,
was utilized. !n this instance bottom loss can be computed as followss

B. L. S-N-L (3)

where: B. L. = bottom reflection loss,
S = source level,
N =propagation loss = 20 Logl R + CC R, and

L =peak level of bottom reflected arrival after system calibrations.
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This equation requires that the source level of the explosive be known or
calibrated. Assuming that the average bottom loss in this area is Independent
of grazing angle, the apparent losses determined by equation 1 can be used in
conjunction with equation 3 to yield an apparent source level.

SA BL. + NB + LB (4)
SA 2 B. L. + N +BSB L

where: SA apparent source level and

B. L. = apparent bottom loss determined from equation 1.

A value of SA, at 1 and 3.5 kc, was computed for each shot and then allvalues were averaged to arrive at an apparent average source level for each fre-
quency. The average source levels were then used to determine bottom loss values
for each B and BSB arrival as follows:

2B. L. (e) SA- NB" -LBSB

where: S'A = apparent average source level.

For the purposes of this report the bottom loss values determined by the above method
will be referred to as true bottom loss.

For comparison purposes a source level, equivalent to 1.8 pounds of TNT for a
Mark 50 sound signal, was determined from Weston (1960). The source level, based
on Weston, agreed within 3 db of the average source level determined by equation 4.
Considering the assumptions made In arriving at the average source level, this agree-
ment Is extremely good.

DISCUSSION OF RESULTS

Figure 3 Illustrates apparent bottom reflection loss versus grazing angle, as de-
termined by equation 1, along the three tracks. For tracks 4 and 8 at the 'lower
grazing angles the 1 kc losses are greater thon the 3.5 kc losses, while at the higher
angles a frequency crossing occurs which produces an increase In bottom loss with In-
creasing frequency. Along track 6 the 3.5 kc toss is everywhere about 1 db greater
than the 1 kc values. Data collected by Alpine Geophysical Associates (1964) in Area
A (3600' to 37 000'N, 66*00' to 67*00'W) for the U. S. Naval Oceanographic Office
exhibit similar frequency crossings; however, it is believed that the results Illustrated
In Figure 3 do not result from the character of the ocean bottom, but are, In part,
a result of the method of analysis employed. The frequency crossings can be partially
explained by equation 2 and Table 1. Table I Is a summary of the bottom toss data
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TABLE I

SUMMARY OF BOTTOM LOSS DATA

BSBB o tto m IBS Br ~ s 2 d
Track- Angle True Loss (db) Angle True Loss 1 (db) Average Apparent Loss2 (db)
station (01) 1 kc 3.5 kc (82) 1 kc 3.5 kc Angle I kc 3.5 kc

8-1 200 9.1 15.2 360 10.1 11.3 28 11.1 9.4

8-2 27 11.2 14.0 45 10.1 12.9 36 8.9 12.0

8-3 42 13.2 14.2 62 11.1 14.2 52 9.9 14.2

8-4 41 12.9 12,8 60 11.4 12.1 50.5 9.8 11.4

8-5 20 11.0 14.0 36 12.3 17.0 28 13.6 6.8

6-1 20 7.2 9.5 37 10.2 11.2 28.5 13.2 14.2

6-2 28 7.2 13.5 47 9.0 12.6 37.5 10.8 12.0

6-3 41 11.2 13.4 60 11.2 13.0 50.5 10.6 12.8

4-1 19 10.2 14.6 34 13.8 11.4 26.5 15.3 11.2

4-2 24 8.2 10.2 41 11.6 12.0 32.5 15.0 13.8

4-3 33 12.9 12.8 53 10.2 12.5 43 7.7 12.2

4-4 43 12.2 14.4 62 10.3 12.7 52.5 8.5 11.0

* 4-5 42 14.1 11.5 61 10.8 12.7 51.5 7,4 13.8

4-6 27 13.0 8.1 47 11.0 10.0 37 8.9 12.2

4-7 20 9.9 9.7 36 11.0 9.9 28 12.0 10.1

(1) Determined from equations 4 and 5

(2) Determined from equation 1

7 CONF IDENTIAL
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illustrated In Figures 3 and 4. For example, the frequency crossing at the 32
degree angle of track 4, in Figure 3, can be examined by referring to the com-
puted true lasses associated with the bottom and bottom-surface-bottom arrival angles
used In determining the apparent loss. Data for station 4-2, in Table I, show
that the 3.5 kc loss values are greater than those for 1 kc; however, by substituting
these values In equation 2 we get apparent losses of 13.8 db at 3.5 kc and 15 db
at 1 kc and, consequently, a frequency inversion. It Is evident that when the
true bottom loss is a function of grazing angle the apparent losses arrived at by
using equation 1 are either greater than or iess than the true values. It then fol-
lows that the source levels attained by equation 4 will also be in error; however,
by averaging all apparent source levels to arrive at one value, it is assumed that
the errors are minimized.

The dependence of true bottom loss on frequency and grazing angle can be
seen In Figure 4. Two types of variations can be seen along the individual tracks.
The first type involves changes in bottom loss that are not uniform with frequency
and results in frequency crossings. This can be seen along track 4 where the 1 kc
losses are sometimes higher than the 3.5 kc losses. Tracks 6 and 8 illustrate the
expected frequency dependence of increasing bottom loss with increasing frequency
Illustrated by Marsh and Schulkin (1955) In the results of Project AMOS.

A second type of variation involves changes in bottom loss with grazing angle.
A uniform dependence on grazing angle is not observed as 1 to 4 db fluctuations
are seen to occur from one grazing angle to the next. In addition, these fluctuations
do not equa!ly effect both frequencies.

Since the measurements were made with the source ship opening or closing range
on the receiving ship it Is not known if the variations in bottom loss as a function of
grazing angle are real or if they result from lateral variations In the bottom as the
point of reflection changes. N. attempt will be made in this report to explain
theoretically the results Illustrated in Figure 4, but it should benoted that a multi-
layered bottom, consisting of sand and silt layers, can produce theoretical frequency
crossings. Area C lies within the Hatteras Abyssal Plain and the presence of sand
and silt layers in cored sediments In abyssal plain regions has been established by
Ericson et al. (1952, 1955).

COMPARISON WITH OTHER DATA

Figure 5 is a comparison of the average Alpine bottom loss for Area C with a
composite of the data presented in this report (Figure 4). For 3.5 kc the Alpine
average curve appears to be an approximate mean of the composite, while the
Alpine 1 kc average appears to be the lower limit of the composite.
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Although the Alpine average bottom loss does not exhibit an appreciable
dependence on grazing angle an examination of their 25 individual stations shows
variations In bottom loss similar to those Illustratec' in this report.

Figure 6 is a comparison of the AMOS bott~om loss curve, as modified by Bell
(1959), with the composite of Figure 5. For 3.5 kc the AMOS curve shows general
agreement at 20 degrees, but everywhere else tends to be about 3 to 4 db highier.
The I kc AMOS curve appears to form the upper limit of the composite from 20 to
35 degrees and from 35 to 60 degrees the AMOS curve appears to be the mean of
the composite.

i:ONSWuSION

Apparent bottom reflection loss values were computed by a method independent
of source level and system calibration. The apparent loss values were used to com-
pute an apparent source level and finally t'o arrive at true bottom loss. The errors
introduced by the method employed appear to be no larger than the errors introduced
by assuming a source level.

teThe diata Indicate that there are variations In bottom loss from one angle to
tenext and from track to track. Generally, the results are in overall agreement

with the Alpine bottom loss data for this area.

The bottom loss data suggest that the bottom is frequency selective In that
the 1 kc loss values can be greater than those for 3.5 kc. This Is in contrast to
the uniform increase In bottom loss with increasing frequency suggested by the
AMOS results.

11 ~CONFIDENTIAL-I
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